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(57) ABSTRACT

A magnetic levitation sliding structure including a first slide
member, and a first magnetic portion which 1s disposed 1n the
first slide member to extend along the lengthwise direction of
the first slide member and has magnetic poles arranged per-
pendicular to the lengthwise direction of the first slide mem-
ber with the lengthwise direction of the first slide member
being an extending direction. The structure further includes a
second slide member slidingly engaged with the first slide
member, and a second magnetic portion which 1s disposed 1n
the second slide member to extend parallel to the first mag-
netic portion and has magnetic poles with opposite magnetic
polarity to those of the first magnetic portion in order for the
first and second magnetic portions to repel each other.

16 Claims, 11 Drawing Sheets
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MAGNETIC LEVITATION SLIDING
STRUCTURE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2007-0008563, filed on Jan. 26, 2007, in the

Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein 1n its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a magnetic levitation slid-
ing structure, and more particularly, to a magnetic levitation
sliding structure, which can easily perform a sliding operation
due to reduced friction between slide members and can have
a reduced thickness.

2. Description of the Related Art

Recently, portable electronic devices such as mobile
phones, cameras, portable multimedia players (PMPs), elec-
tronic dictionaries, electronic organizers, navigations, mini
notebooks, and the like increasingly employ a sliding struc-
ture. The sliding structure enables such portable electronic
devices to be easily manipulated and implemented.

FIG. 1 1s a perspective view of an example of a general
mobile phone 10 having a sliding structure. The general
mobile phone 10 having the shiding structure comprises a
receiver 20 including a screen 2 and a transmutter 30 including
a mampulating unit 3 such as number keys. In order to speak
into the general mobile phone 10 or transceive messages, the
receiver 20 1s slid up with respect to the transmitter 30. For a
sliding operation, the general mobile phone 10 mvolves a
conventional sliding structure 40 (see FIG. 2).

Operations of the conventional sliding structure 40 may be
semi-automatically performed because a user also has to exert
torce for the sliding operation to be performed. In addition,
when the conventional sliding structure 40 1s fully closed or
opened, the sliding operation completely depends on manipu-
lation by the user, and this causes mconvenience to the user.

Generally, the transmitter 30 exposed due to the shiding
operation of the sliding structure has too small of an area to
include various function buttons 1n addition to the number
keys. Therefore, additional buttons are generally disposed at
the receiver 20, and also, as needed, the function buttons are
disposed at side surfaces of the general mobile phone 10. As
described above, the function buttons are not mainly disposed
at a single area of the general mobile phone 10 and are
separately disposed at several areas of the general mobile
phone 10, and thus, button manipulation cannot be easily
performed. In addition, in order to operate the function but-
tons, additional circuit substrates, signal lines for connecting,
the buttons, flexible printed circuit boards, and the like have to
be provided.

FIG. 2 1s a side elevation view of the general mobile phone
10 1llustrated in FIG. 1 to explain the conventional sliding
structure 40 disclosed 1n Korean Patent Application Publica-
tion No. 10-2005-0037649. The conventional sliding struc-
ture 40 includes sliders 41 and 42 at the transmitter 30 and the
receiver 20, respectively, and the sliders 41 and 42 include
magnets 43, 44a, and 445. The magnets 43, 44a, and 445 are
disposed to exert magnetic forces on each other, so that the
sliders 41 and 42 can be relatively moved by operations of the
magnets 43, 44a, and 445b.

In the conventional sliding structure 40, friction between
the sliders 41 and 42 occurs, thus hindering the sliding opera-
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tion. More specifically, the recerver 20 slidingly moves with
respect to the transmitter 30, and 1n the state illustrated in FIG.

2, the magnetic north pole of magnet 44a of the recerver 20
and the magnetic south pole of the magnet 445 of the recerver
20 contact the magnetic north pole of the magnet 43 of the
transmitter 30 and the magnetic south pole of magnet 43 of
the transmitter 30, respectively. As described above, like
magnetic poles of the magnets 43, 44a, and 445 contact each
other and thus repel each other, so that the sliding operation to
slide up the recerver 20 with respect to the transmitter 30
cannot be easily performed. Accordingly, it 1s inconvenient
for the user to manipulate the conventional sliding structure
40. In addition, when the receiver 20 1s at an 1nitial closed
position against the transmitter 30, opposite magnetic poles
of the magnets 44a and 43 contact each other and attract each
other, and thus, a large force has to be exerted to slide up the
recerver 20, which causes inconvenience for the user.

FIG. 3 1s a cross-sectional view of another conventional
sliding structure 30 disclosed in Korean Patent Application
Publication No. 10-2005-0089584. The conventional sliding
structure 50 1llustrated 1n FI1G. 3 includes a first slide member
51 and a second slide member 52 that can slide with respect to
the first slide member 51. The first slide member 51 includes
a first magnetic member 53 having a shape of a horseshoe
magnet, and the second slide member 52 includes a second
magnetic member 54 having the shape of the horseshoe mag-
net. The first and second magnetic members 33 and 54 are
disposed 1n alternate positions to facilitate a sliding operation.

When the conventional sliding structure 50 having the
alorementioned structure performs the sliding operation, the
north poles of the first and second magnetic members 53 and
54 repel each other, and the south poles of the first and second
magnetic members 533 and 34 also repel each other. In addi-
tion, at the same time, the magnetic south pole of the first
magnetic member 533 and the magnetic north pole of the
second magnetic member 54 attract each other. As described
above, due to the attraction, the sliding operation cannot be
casily performed, since an additional manipulation force 1s
needed.

In addition, for sliding movement to occur, an interval
between the first and second magnetic members 33 and 54 has
to be guaranteed. However, due to external impacts or vibra-
tions, the first and second magnetic members 53 and 54 may
contact with each other and, due to this contact, friction may
be increased during the sliding operation. In this case, a
surface contact occurs between the first and second magnetic
members 53 and 54, so that large friction 1s generated, and the
sliding operation cannot be easily performed. In addition, at
bending portions of the first and second magnetic members
53 and 54 where the first and second magnetic members 53
and 54 are not 1n alternate positions, repulsion decreases, so
that the sliding operation cannot be easily performed.

Also, the two magnetic members 53 and 54 having the
shape of the horseshoe magnet disposed 1n alternate positions
occupy a large space, so that the thickness of the entire sliding
structure 1increases. In addition, an operation of disposing the
magnetic members 53 and 54 having the shape of the horse-

shoe magnet 1 alternate positions cannot be easily per-
formed.

SUMMARY OF THE INVENTION

The present invention provides a magnetic levitation slid-
ing structure that can easily perform a sliding operation due to
reduced Iriction between sliders. The present invention also
provides a magnetic levitation sliding structure that can have
a small thickness.
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Accordingly, an embodiment of the present invention pro-
vides a magnetic levitation sliding structure including a first
magnet portion and a second magnet portion exerting mag-
netic forces on an external surface of the first magnet portion
so as to easily perform a sliding operation. In this example,
the magnetic levitation sliding structure includes a first slide
member, and a first magnetic portion which 1s disposed 1n the
first slide member to extend along the lengthwise direction of
the first slide member and has magnetic poles arranged per-
pendicular to the lengthwise direction of the first slide mem-
ber, such that the lengthwise direction of the first slide mem-
ber 1s an extending direction. The magnetic levitation shiding,
structure further includes a second slide member slhidingly
engaged with the first slide member, and a second magnetic
portion which 1s disposed in the second slide member to
extend parallel or substantially parallel to the first magnetic
portion and has magnetic poles with opposite magnetic polar-
ity to those of the first magnetic portion 1n order for the first
and second magnetic portions to repel each other.

In addition, the second magnet portion may be formed to
have a shape corresponding to that of the side surface of the
first magnetic portion so as to correspondingly enclose at
least a portion of the side surface of the first magnetic portion
that 1s partially disposed 1n the first slide member, thereby
being slidingly engaged with the first magnetic portion. Also,
a cross-section of the first magnetic portion may have a cir-
cular shape, and an internal surface of the second magnetic
portion may have a semicylinder shape corresponding to the
side surface of the first magnetic portion. Furthermore, the
cross-section of the first magnet portion may have an oval
shape. In addition, a radius of curvature of the side surface of
the first magnet portion may be smaller than that of the inter-
nal surface of the second magnet portion, and the cross-
section of the first magnet portion may have a polygonal
shape. A magnetic force line shield may be disposed at one or
more portions of the side surface of the first magnet portion.

In addition, the magnetic levitation sliding structure may
turther iclude a rail for slidingly engaging the first and
second slide members. The rail may include a protrusion
protruding from the first slide member to the second slide
member, and a groove grooved 1n the second slide member
along the extending direction 1n order for the protrusion to
slide 1n the groove. A magnetic force line shield may be
correspondingly disposed 1n one or more portions of a side
surface of the second magnetic portion.

Furthermore, a guide protruding toward the second slide
member and extending in the sliding direction of the first slide
member may be disposed at a side surface of the first slide
member, and the first magnet portion may be provided to the
guide. The side surface of the first magnet portion may be
buried 1n the guide, and the other side surface of the first
magnet portion may be exposed to an external surface of the
guide to extend along the guide. Accommodating portions
may be formed at both sides of the second slide member, and
a side surface of the second magnetic portion may be corre-
spondingly buried i1n the accommodating portion and the
other surface of the second magnetic portion may be exposed
to the guide. Also, the length of the accommodating portion
may be larger than that of the guide.

In addition, the first magnetic portion may include a plu-
rality of magnets, and the second magnetic portion may
include a plurality of magnets. The side surface of the first
magnet portion may be buried in the guide, and the other side
surface of the first magnet portion protrudes from an internal
surface of the guide to extend along the guide.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing 1n detail
exemplary embodiments thereof with reference to the
attached drawings 1n which:

FIG. 1 1s a perspective view of an example of a general
mobile phone having a sliding structure;

FIG. 2 1s a side elevation view of a conventional sliding
structure;

FIG. 3 1s a cross-sectional view of another conventional
sliding structure;

FIG. 4 15 an exploded perspective view of an example of a
magnetic levitation sliding structure according to an embodi-
ment of the present invention;

FIG. 5 15 a cross-sectional view of the magnetic levitation
sliding structure 1llustrated 1n FIG. 4 taken along line V-V;

FIG. 6 1s a partial perspective view schematically 1llustrat-

ing magnetic portions of the magnetic levitation sliding struc-
ture 1llustrated in FIG. 4;

FIG. 7 1s a perspective view of the closed magnetic levita-
tion sliding structure 1llustrated 1n FIG. 4;

FIG. 8 1s a cross-sectional view of the magnetic levitation
sliding structure illustrated 1n FIG. 7 taken along line VIII-
VIII;

FIG. 9 1s a perspective view of the magnetic levitation
sliding structure 1llustrated 1n FIG. 4;

FIG. 10 1s a cross-sectional view of the magnetic levitation
sliding structure 1llustrated 1n FIG. 9 taken along line X-X;

FIG. 11 1s a perspective view of the opened magnetic
levitation sliding structure 1llustrated 1n FI1G. 4;

FIG. 12 15 a cross-sectional view of the magnetic levitation
sliding structure illustrated 1n FIG. 11 taken along line XII-
XII;

FIG. 13 1s a cross-sectional view of an example of a mag-
netic levitation sliding structure according to another
embodiment of the present invention;

FIG. 14 1s a cross-sectional view of an example of a mag-
netic levitation sliding structure according to a further
embodiment of the present invention;

FIG. 15 1s a cross-sectional view of a magnetic levitation
sliding structure according to another embodiment of the
present invention;

FIG. 16 1s an exploded perspective view of a magnetic
levitation sliding structure according to still another embodi-
ment of the present invention;

FIG. 17 1s a cross-sectional view of the magnetic levitation
sliding structure illustrated 1n FIG. 16 taken along line XVII-
XVII;

FIG. 18 1s a partial perspective view schematically 1llus-
trating arrangement of magnetic portions of a magnetic levi-
tation sliding structure, according to a further embodiment of
the present invention; and

FIG. 19 1s a cross-sectional view of a magnetic levitation
sliding structure according to yet another embodiment of the
present 1nvention.

L1

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

Heremaftter, structures and operations of a magnetic levi-
tation sliding structure according to exemplary embodiments
ol the present invention will be described 1n detail with ret-
erence to the attached drawings.

FIG. 4 1s an exploded perspective view ol a magnetic
levitation sliding structure 100 according to an embodiment
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of the present invention. FIG. 5 1s a cross-sectional view of the
magnetic levitation sliding structure 100 1llustrated 1n FI1G. 4
taken along line V-V,

The magnetic levitation sliding structure 100 illustrated in
FIGS. 4 and 5 according to this embodiment includes a first
slide member 110, a first magnetic portion 130, a second slide
member 120, and a second magnetic portion 140. The first
slide member 110 1n this example 1s made of a non-magnetic
material such as aluminum alloy or plastic and 1s connected to
or supports a second slide member 120 of the magnetic levi-
tation sliding structure 100. The first magnetic portion 130 1s
disposed partially in the first slide member 110. A cross-
section of the first magnetic portion 130 has a circular shape,
and the first magnetic portion 130 extends in a sliding direc-
tion, that 1s, a direction of the length of the first slide member
110 and 1s disposed at an external side of the first slide
member 110. The first magnetic portion 130 has such a shape
and a position so that the first and second slide members 110

and 120 can perform a mutual sliding operation.
Referring to FIGS. 4 and 5, the first shide member 110

includes guides 112 that protrude from an upper surface of the
first slide member 110 and extend in the sliding direction slide
member 110. The first magnetic portion 130 1s disposed 1n an
external surface of the gmide 112 of the first slide member
110. A part of a side surface of the first magnetic portion 130
1s buried in the guide 112, and the other part of the side surface
of the first magnetic portion 130 protrudes outward from the
guide 112. As described above, since the cross-section of the
first magnetic portion 130 has a circular or substantially cir-
cular shape, the first magnetic portion 130 protruding out-
ward from the guide 112 has a cross section of a semicircular
or substantially semicircular shape.

The guide 112 may be provided with guide portions 131,
having the same shape as the first magnetic portion 130, near
both end portions of the first magnetic portion 130 and in the
sliding direction. The guide portion 131 does not exert mag-
netic forces as the first magnetic portion 130 and performs a
tfunction of guiding the second slide member 120 to slide with
respect to the first slide member 110.

FIG. 6 1s a partial perspective view schematically illustrat-
ing the magnetic portions of the magnetic levitation sliding
structure 100 1llustrated 1n FIG. 4. Magnetic poles of the first
magnetic portion 130 may be disposed 1n a direction perpen-
dicular to sliding direction, facing a side surface of the first
slide member 110. The magnetic north pole of the first mag-
netic portion 130 illustrated in FIGS. 5 and 6 1s externally
disposed from the first slide member 110, and the magnetic
south pole thereof 1s internally disposed in first slide member
110.

The second slide member 120 1s slidingly engaged with the
first slide member 110 and may be made of a non-magnetic
material such as aluminum alloy and plastic as the first slide
member 110. A structure of slidingly engaging the first and
second slide members 110 and 120 can be modified in various
manners, and thus the present invention 1s not limited to this
embodiment.

In order to slidingly engage the first and second slide mem-
bers 110 and 120, the first and second magnetic portions 130
and 140 are slidingly engaged with each other. The second
magnetic portions 140 are disposed 1n accommodating por-
tions 141 formed 1n both sides of the second slide member
120 to face the first magnetic portions 130 of the first slide
member 110. The accommodating portions 141 protrude
from both sides of the second slide member 120 to partially
face the external surface of the guides 112 and extend 1n the
sliding direction. A side surface of the second magnetic por-
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tion 140 1s buried 1n the accommodating portion 141, and the
other side surface of the second magnetic portion 140 1is
exposed to the guide 112.

An mternal surface of the second magnetic portion 140 has
a shape corresponding to that of the other part of the side
surface of the first magnetic portion 130, which protrudes
fromthe gmide 112. According to the current embodiment, the
second magnetic portion 140 1s a magnet having a semi-
circular or substantially semi-circular cross-section or having
a semi-cylinder shape, and extends 1n the extending direction.
Therefore, the internal surface of the second magnetic portion
140 correspondingly encloses the other part of the side sur-
face of the first magnetic portion 130, which protrudes from
the guide 112, and the internal surface of the second magnetic
portion 140 has a magnetic pole polarity opposite to that of
the other part of the side surface of the first magnetic portion
130. Therefore, the second magnetic portion 140 and the first
magnetic portion 130 repel each other. In FIG. 5, the other
part of the side surface of the first magnetic portion 130 has a
magnetic north polarity, and the internal surface ofthe second
magnetic portion 140 has a magnetic north polarity, and thus,
the first and second portions 130 and 140 repel each other. On
the contrary, when the other part of the side surface of the first
magnetic portion 130 has a magnetic south polarity, the inter-
nal surface o the second magnetic portion 140 has a magnetic
south polarity. Although not shown 1n the figure, protective
layers may be formed between the other part of the side
surface and the internal surface of the first and the second
magnetic portions 130 and 140, which face each other, in
order to protect such surfaces from friction.

A magnetic force line shield 130a 1s disposed between the
part of the side surface of the first magnetic portion 130 buried
in the guide 112 and an the external surface of the guide 112.
In another embodiment, a magnetic force line shield may be
additionally disposed on a side surface of the first magnetic
portion 130, which forms circular cross-section. The mag-
netic force line shield 130q 1s disposed initially on the exter-
nal surface of the guide 112 instead of being directly attached
to the part of the surface of the first magnetic portion 130. In
this case, once the magnetic force line shield 130aq 1s properly
disposed on the external surface of the guide 112, the first
magnetic portion 130 1s disposed 1n the guide 112.

The magnetic force line shield 130a has a function of
shielding other components, such as a circuit substrate, from
magnetic forces, wherein such other components engage with
the magnetic levitation sliding structure 100. The magnetic
force line shield 130a 1s made of a ferromagnetic material to
block magnetic force lines generated from the first magnetic
portion 130. As the ferromagnetic material, AD-MU alloys or
other suitable materials may be used. In this embodiment, the
magnetic force line shield 130a 1s made of a ferromagnetic
material. However, the present invention 1s not limited to this
arrangement, and thus, the magnetic force line shueld 130q
may be made of a non-magnetic material.

A magnetic force line shield 140a 1s also provided between
the side surface of the second magnetic portion 140 and an
internal surface of the accommodating portion 141, which
faces the side surface of the second magnetic portion 140.
Optionally, the magnetic force line shield 1404 1s not directly
attached to the surface of the second magnetic portion 140,
but 1s 1mitially disposed on the internal surface of the accom-
modating portion 141. In this case, once the magnetic force
line shield 140a 1s disposed on the internal surface of the
accommodating portion 141, the second magnetic portion
140 15 disposed 1n the second slide member 120.

When the second slide member 120 1s slidingly engaged
with the first slide member 110 with the second magnetic
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portion 140 interposed therebetween, the first magnetic por-
tion 130 1s mserted 1nto the second magnetic portion 140, so
that the first and second magnetic portions 130 and 140 exert
magnetic forces on each other. By arranging the magnetic
poles of the first and second magnetic portions 130 and 140 as
described above, the first and second magnetic portions 130
and 140 repel each other, so that the sliding operation between
the first and second slide members 110 and 120 can be easily
performed.

The first and second magnetic portions 130 and 140 always
repel each other. Therefore, friction which occurs 1n the slid-
ing operation of the second slide member 120, having the
second magnetic portion 140, on the first slide member 110,
having the first magnetic portion 130, can be minimized. This
1s because the second slide member 120 levitates on the first
slide member 110 due to the repulsion. A degree of repulsion
1s associated with the magmtude of the exerted magnetic
forces, and more specifically, with the sizes and properties of
applied magnets.

In addition, the cross-section of the first magnetic portion
130 has the circular shape that corresponds to the internal
shape of the second magnetic portion 140, so that 11 the first
magnetic portion 130 1s moved 1n vertical, and horizontal
directions with respect to the second magnetic portion 140
and the first and second magnetic portions 130 and 140 con-
tact each other, due to an external impact, such contact that
occurs between the first and second magnetic portions 130
and 140 1s a linear contact that less affects the magnetic
levitation sliding structure 100. In a conventional magnetic
levitation sliding structure, a high friction force due to a
contact area occurs. However, according to this embodiment,
a Iriction force that occurs between the first and second mag-
netic portions 130 and 140 can be minimized.

In the magnetic levitation sliding structure 100, one of the
first and second slide members 110 and 120 can be mounted
on a main body of an electronic device, such as a mobile
phone, a camera, and a portable multimedia player (PMP), in
which electronic components such as a main chipset, a bat-
tery, and the like are included, and the other one of the first and
second slide members 110 and 120 can be mounted on a sub
body having a relatively simple structure, so as to perform the
sliding operation. The magnetic levitation sliding structure
100, according to the current embodiment, has advantages 1n
terms of space and costs once applied to the portable elec-
tronic device.

In addition, the main body of the electronic device may be
manufactured with one of the first or second slide members
110 and 120, and the sub body may be manufactured with the
other of the first and second slide members 110 and 120.
Accordingly, a volume of the electronic device can be
reduced, and a small-sized electronic device capable of per-
tforming the sliding operation can be implemented.

FI1G. 7 1s a perspective view of the closed magnetic levita-
tion sliding structure 100 illustrated in FIG. 4. FIG. 8 1s a
cross-sectional view of the magnetic levitation sliding struc-
ture 100 1llustrated 1n FIG. 7 taken along line VIII-VIII.

FIGS. 7 and 8 1llustrate a state where the second slide
member 120 1s at an 1nitial position. The second slide member
120 1s slid to a side of the first slide member 110 to be closed
or be 1n the 1nitial position.

A portion of the first magnetic portion 130 overlaps with a
portion of the second magnetic portion 140. In this case, due
to the arrangement of the magnetic poles of the first and
second magnetic portions 130 and 140, the first and second
magnetic portions 130 and 140 repel each other. Therelore,
the second slide member 120 can be stably disposed at the
initial position due to the repulsion between the first and
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second magnetic portions 130 and 140. In addition, due to the
repulsion, the second slide member 120 levitates on the first
slide member 110, so that friction that occurs in the sliding
operation can be minimized.

When a user pushes the second slide member 120 up from
the 1nitial position, the degree of overlapping the first and
second magnetic portions 130 and 140 increases as compared
to the 1mtial position. Accordingly, the magnitude of the
repulsion between the first and second magnetic portions 130
and 140 increases.

Therefore, even if the user pushes the second slide member
120 up abruptly, the abrupt movement of the second shide
member 120 less affects the magnetic levitation sliding struc-
ture 100 due to the repulsion between the first and second
magnetic portions 130 and 140, and thus, an impact exerted
on the magnetic levitation sliding structure 100 less attects
the magnetic levitation sliding structure 100. In addition, due
to the repulsion, since the second slide member 120 levitates
on the first slide member 110, friction that occurs in the
sliding operation can be reduced.

When the user continuously pushes the second slide mem-
ber 120 up, the magnetic levitation sliding member 100 1s 1in
a state as 1llustrated 1n F1GS. 9 and 10. FIG. 9 1s a perspective
view of the magnetic levitation sliding structure illustrated
100 1n FIG. 4. FIG. 10 1s a cross-sectional view of the mag-
netic levitation sliding structure 100 illustrated 1n FIG. 9
taken along line X-X.

FIGS. 9 and 10 illustrate a case where the second slide
member 120 1s disposed 1n a center position. In this position,
the first magnetic portion 130 correspondingly overlaps with
the second magnetic portion 140, and thus, the first and sec-
ond magnetic portions 130 and 140 repel each other.

When the user continuously pushes the second slide mem-
ber 120 up from the state illustrated 1n F1IGS. 9 and 10, due to
the repulsion between the first and second magnetic portions
130 and 140, the user can push the second slide member 120
up with a small force. In this case, the user does not need to
exert a large force to push the second slide member 120 up
from the center position, and thus, avoid an excessive impact
on the magnetic levitation sliding structure 100 due to a
pushing force of the user. In addition, the second slide mem-
ber 120 levitates on the first slide member 110 due to the
repulsion, so that friction that occurs 1n the sliding operation
can be reduced. When the user continuously pushes the sec-
ond slide member 120 up from the center position until the
magnetic levitation sliding structure 100 arrives to a state
illustrated 1n FIGS. 11 and 12.

FIG. 11 1s a perspective view of the opened magnetic
levitation sliding structure 1llustrated 1n FI1G. 4. FIG. 12 15 a
cross-sectional view of the magnetic levitation sliding struc-
ture 100 1llustrated 1n FIG. 11 taken along line XII-XII.

In the magnetic levitation sliding structure 100 illustrated
in FIGS. 11 and 12, due to the arrangement of the magnetic
poles of the first and second magnetic portions 130 and 140,
the first and second magnetic portions 130 and 140 repel each
other. Therefore, due to the repulsion, the second slide mem-
ber 120 can be stably maintained at a final position as shown
in FIG. 11. In addition, since the second slide member 120
continuously levitates on the first slide member 110 due to the
repulsion, a friction force that occurs when the user performs
a sliding-down operation 1s reduced.

FIG. 13 1s a cross-sectional view of a magnetic levitation
sliding structure according to another embodiment of the
present invention. The magnetic levitation sliding structure
illustrated 1n FIG. 13 1s a modification of that of the afore-
mentioned embodiment 1n that a first magnetic portion 230
has an oval or substantially oval cross-section. Therefore, a
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second magnetic portion 240 has a corresponding oval or
substantially oval cross-section to that of the first magnetic
portion 230, 1n order to correspondingly enclose a side sur-
face of the first magnetic portion 230, which protrudes from
the guide 112.

According to this embodiment, the degree of an overlap-
ping area between the first and second magnetic portions 230
and 240 increases as compared to that of the aforementioned
embodiment, and thus, a stronger repulsion occurs between
the first and second magnetic portions 230 and 240. When the
first magnetic portions 230 1s moved relative to the second
magnetic portion 240 in vertical and horizontal directions due
to an external impact and friction occurs therebetween, a line
contact occurs between the first and second magnetic portions
240 and such line contact less affects the magnetic levitation
sliding structure. In the conventional magnetic levitation slid-
ing structure, a high friction force due to a surface contact
occurs. However, according to the current embodiment, the
external impact transmitted to the first and second magnetic
portions 230 and 240 can be effectively distributed.

When the cross-section of a first magnetic portion has a
circular or substantially circular, or an oval or substantially
oval shape, a radius of curvature of the first magnetic portion
may be smaller than that of an internal cross-section of the
second magnetic portion. In this embodiment, when friction
occurs due to an external impact or vibrations in the sliding
operation, linear contact occurs on a contact area between the
first and second magnetic portions 230 and 240, so that resis-
tance due to the friction that occurs in the sliding operation
can be minimized.

FIG. 14 1s a cross-sectional view of a magnetic levitation
sliding structure according to another embodiment of the
present invention. The magnetic levitation sliding structure
illustrated in FIG. 14 1s a modification of that of the afore-
mentioned embodiment 1n that a first magnetic portion 330
has an octagonal cross-section, and accordingly, a second
magnetic portion 340 has a cross-section having a corre-
sponding octagonal or substantially octagonal shape to cor-
respondingly enclose the octagonal or substantially octago-
nal cross-section of the first magnetic portion 330.

In the current embodiment, the degree of an overlapping
area between the first and second magnetic portions 330 and
340 increases as compared to the atorementioned embodi-
ment, and thus, a stronger repulsion force occurs between the
first and second magnetic portion 330 and 340. In this case,
the second magnetic portion 340 1s manufactured to corre-
spond to a side surface of the first magnetic portion 330.

When the first and second magnetic portions 330 and 340
are moved 1n vertical and horizontal directions due to an
external impact and friction occurs therebetween, a line con-
tact occurs between the first and second magnetic portions
240 1nstead of a surface contact therebetween to less atfect the
magnetic levitation sliding structure. Accordingly, friction
that may occur between the first and second magnetic por-
tions 330 and 340 can be minimized.

In the aforementioned embodiments, the cross-sections of
the first and second magnetic portions have a circular, oval, or
polygonal shape, however the present invention 1s not limited
to such arrangements.

FIG. 15 1s a cross-sectional view of a magnetic levitation
sliding structure according to another embodiment of the
present mnvention. According to the alorementioned embodi-
ments, the first magnetic portion 1s disposed to protrude from
the guide. However, according to the embodiment illustrated
in FI1G. 15, a part of a side surface of a first magnetic portion
430 1s disposed 1n a corresponding internal surface of the
guide 112, and the other part of the side surface of the first
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magnetic portion 430 1s disposed protruding from the guide
112 to correspond to an internal surface of a second magnetic
portion 440. In this arrangement, the part and other part of the
side surface of the first magnetic portion 430 have opposite
magnetic pole polarities and the other part of side surface of
the first magnetic portion 430 has an opposite magnetic pole
polarity to that of the corresponding internal surface of the
second magnetic portion 440. Magnetic poles of the first
magnetic portion 430 are disposed perpendicular to the slid-
ing direction of a first slide member 110 to face the side
surface of the first slide member 110.

The part of the first magnet portion 430 and a side surface
ol the second magnetic portion 440 are shaped to respectively
correspond to shapes of the internal surface of guide 112 of
the first slide member 110 and an internal surface of the
accommodation portion 141 of a second slide member 120 1n
order to perform the sliding operation due to magnetic levi-
tation. However, the shapes and positions of the first and
second magnetic portions 430 and 440 are not limited to those
in this embodiment.

FIG. 16 1s an exploded perspective view of a magnetic
levitation sliding structure according to another embodiment
of the present invention. FIG. 17 1s a cross-sectional view of
the magnetic levitation sliding structure 1llustrated 1n FI1G. 16
taken along line XVII-XVII.

Structures and arrangements of first and second slide mem-
bers 510 and 520 of the magnetic levitation sliding structure
illustrated 1n FIGS. 16 and 17 are respectively similar to the
first and second slide members 110 and 120 1llustrated 1n FI1G.
4. However, the length of an accommodating portion 541 of
the second slide member 520 1s longer than that ofa gmide 511
of the first slide member 510.

The second slide member 520 1s slidingly engaged with the
first slide member 510. The accommodating portion 541 pro-
trudes from both sides of the second slide member 540 and
extends 1n the sliding direction of the second slide member
540 and, 1n a center portion of the second slide member 540,
a magnetic force line shield 540q and a second magnetic
portion 540 are correspondingly disposed 1n a semi-circular
internal surface of the accommodating portion 541. In addi-
tion, the accommodating portion 341 1s provided with guide
portions 542 on both end portions of the second magnetic
portion 540. A semi-circular or substantially semi-circular
internal surface of the guide portions 542 has a shape corre-
sponding to that of a part of a side surface of the first magnetic
portion 530 so as to guide a sliding movement of the first
magnetic portion 530 with respect to the second magnetic
portion 340, and a semi-circular or substantially semi-circu-
lar internal surface of the second magnetic portion 540 has a
shape corresponding to that of the part of the side surface of
the first magnetic portion 530, wherein the part of the side
surface of the first magnetic portion 530 has a magnetic pole
polarity that 1s the same as the magnetic pole polarity of the
corresponding semi-circular or substantially semi-circular
internal surface of the second magnetic portion 540.

The first magnetic portion 530 can be disposed partially 1n
the guide 511 of the first slide member 510, and partially
protruding from the guide 511 of the first slide member 510.
A magnetic force line shield 530a 1s correspondingly dis-
posed between the first magnetic portion 530 and the guide
511. The first magnetic portion 530 1s 1mnserted between the
second magnetic portion 540 and the guide portion 342 to
slide therebetween, so that the first and second slide members
510 and 520 may perform the sliding operation with magnetic
levitation due to magnetic forces.

FIG. 18 1s a partial perspective view schematically 1llus-
trating arrangement of magnetic portions of a magnetic levi-
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tation sliding structure, according to another embodiment of
the present mvention. According to the embodiment 1llus-
trated 1n FIG. 18, first and second magnetic portions 630 and
640 may include a plurality of magnets. In this case, the
arrangement directions ol the magnetic poles of the magnets
of the first and second magnetic portions 630 and 640 are the
same as those of the first and second magnetic portions each
of which includes a single magnet. Magnetic force line
shields 630q and 640qa are disposed correspondingly enclos-
ing external surfaces of the first and second magnetic portions
630 and 640, respectively.

The first magnetic portion 630 may include a plurality of
small cylinder-shaped magnets 631, 632, and 633 respec-
tively arranged to form the cylinder shaped first magnetic
portion 640 by extending along the sliding direction. Option-
ally, the magnets 631, 632, and 633 may be disposed at
predetermined intervals along the sliding direction. When the
magnets 631, 632, and 633 are disposed at predetermined
intervals along the sliding direction, the areas on which mag-
netic forces between the first and second magnetic portions
630 and 640 are exerted can be determined 1n various man-
ners, so that opening and closing operations of an electric
device such as the mobile phone can be conveniently per-
formed.

The second magnetic portion 640 may include a plurality
ol arc-shaped or substantially arc-shaped magnets 641, 642,
and 643 of which are respectively arranged to form the semi-
circular or substantially semi-circular shaped second mag-
netic portion 640, and extend 1n the sliding direction and have
magnetic poles disposed internally and externally. The mag-
nets 641, 642, and 643 may be disposed to correspondingly
enclose an external side of the first magnet 630, which has a
magnetic polarity opposite to that of the internal magnetic
poles of the facing arc-shaped magnets 641, 642, and 643,
thus, due to this opposite magnetic pole polarity, the first and
second magnetic portions 630 and 640 repel each other.
Although not shown in the figure, the second magnetic por-
tion 0 may include a plurality of arc-shaped magnets that are
stacked a radial direction, such that the arc-shaped magnets
are respectively arranged to form the second magnetic portion
640 and extend along the sliding direction. Therefore, the
second magnet portion 1s manufactured by assembling the
magnets which have a shape similar to a plane, so that the
second magnet portion can be easily manufactured as com-
pared with the second magnet portion having the semi-cylin-
der or substantially semi-circular shape.

In FIG. 18, the magnets 641, 642, and 643 of the second
magnetic portion 640 are respectively arranged to form the
semi-circular or substantially semi-circular shaped second
magnetic portion 640, and extend in the sliding direction.
However, this arrangement can be changed so that the mag-
nets 641, 642, and 643 are disposed at predetermined inter-
vals along the sliding direction. Accordingly, a region
between the first and second magnetic portions 630 and 640
on which the magnetic force 1s exerted 1s divided 1nto several
ones, so that the sliding operation of the magnetic levitation
sliding structure can be easily performed.

FIG. 19 1s a cross-sectional view of a magnetic levitation
sliding structure according to another embodiment of the
present invention. The magnetic levitation sliding structure
illustrated 1n FIG. 19 includes a first slide member 710, a
second slide member 720, first magnetic portions 730, second
magnetic portions 740, and rails 750. The first and second
slide members 710 and 720 are slidingly engaged with each
other due to the rail 750. The rail 750 includes a protrusion
751 protruding from the first slide member 710 and a groove
752 grooved in the second slide member 720 1n the extending
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direction. By inserting the protrusion 751 into the groove 752,
the first and second slide members 710 and 720 can be slid-
ingly engaged with each other.

The protrusion 751 protrudes from the first slide member
710 to the second slide member 720. The groove 752 of the
second slide member 720 1s grooved along the sliding direc-
tion 1n order for the protrusion 751 to slide 1n the groove 752.
The first magnetic portion 730, extending along the sliding
direction, 1s disposed on a guide 712 of the first slide member
710. Magnetic poles of the first magnetic portion 730 are
arranged to be perpendicular to the extending direction of the
first magnetic portion 730.

The second magnetic portion 740 1s disposed 1n the second
slide member 720. The second magnet portion 740 extends
parallel or substantially parallel to the first magnetic portion
730 and has magnetic poles arranged such that facing mag-
netic poles of the first magnetic portion 730 and the second
magnetic portion 740 are of the same magnetic pole polarity,
and thus, the first magnetic portion 730 and the second mag-
netic portion 740 repel each other.

A magnetic force line shield 730a, for shielding other
components against magnetic forces, 1s disposed between a
side surface of the first magnetic portion 730 and a side
surface of the guide 712, wherein the side surface of the guide
712 1s opposite to the side surface of the first magnetic portion
730. A magnetic force line shield 740q 1s disposed between a
side surface of the first magnetic portion 740 and a side
surface of an accommodation portion of the second slide
member 720, wherein the side surface of the first magnetic
portion 740 1s opposite to side surface of the accommodation
portion of the second slide member 720, which protrudes
from the second slide member and correspondingly accom-
modates the second magnetic portion 740 that has a square or
rectangular shape, or a substantially square or rectangular
shape.

As 1llustrated 1n FIG. 19, when the first and second slide
members 710 and 720 are slidingly engaged by the rails 750,
the first and second magnetic portions 730 and 740 can exert
magnetic forces on each other. Due to the arrangement of the
magnetic poles of the first and second magnetic portions 730
and 740 as described above, the first and second magnetic
portions 730 and 740 repel each other, so that a sliding opera-
tion of the first and second slide members 710 and 720 can be
casily performed. In addition, since the protrusion 751 1is
inserted into the groove 752, separation of the first and second
slide members 710 and 720 due to the magnetic forces exerted
between the first and second magnetic portions 730 and 740
can be prevented.

As described above, 1n the magnetic levitation sliding
structure according to the embodiments of the present inven-
tion, the slide members move relative to each other based on
magnetic levitation due to the magnetic forces exerted
between the first and second magnetic portions, so that the
sliding operation can be easily performed. In addition, when
an external impact 1s exerted on the magnetic levitation slid-
ing structure, and, due to this, vibrations occur between the
first and second slide members, the first and second magnetic
portions have a line contact, so that friction forces are
reduced, and the sliding operation can be easily performed.
Also, the second magnetic portion correspondingly encloses
at least a portion of the external surface of the first magnetic
portion so as to exert magnetic forces on the first magnetic
portion, and thus, the thickness of the magnetic levitation
sliding structure can be decreased.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, 1t will be understood by one skilled in the art that
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various changes i form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the appended claims.

What 1s claimed 1s:

1. A magnetic levitation sliding structure comprising;

a first slide member;

a first magnetic portion which 1s disposed 1n the first slide
member to extend along the lengthwise direction of the
first slide member and has magnetic poles arranged per-
pendicular to the lengthwise direction of the first slide
member, wherein the lengthwise direction of the first
slide member 1s an extending direction;

a second slide member slidingly engaged with the first
slide member; and

a second magnetic portion which 1s disposed 1n the second
slide member to extend substantially parallel to the first
magnetic portion and has magnetic poles with opposite
magnetic polarity to those of the first magnetic portion in
order for the first and second magnetic portions to repel
cach other, wherein the second magnetic portion 1is
formed to have a shape corresponding to that of a side
surface of the first magnetic portion so as to correspond-
ingly enclose at least a portion of the side surface of the
first magnetic portion that i1s partially disposed in the
first slide member, thereby being slidingly engaged with
the first magnetic portion, and wherein a cross-section of
the first magnetic portion has a substantially circular
shape, and wherein an internal surface of the second
magnetic portion has a substantially semi-cylinder
shape corresponding to the side surface of the first mag-
netic portion.

2. The magnetic levitation sliding structure of claim 1,
wherein a radius of curvature of the side surface of the first
magnetic portion 1s smaller than that of the internal surface of
the second magnetic portion.

3. The magnetic levitation sliding structure of claim 1,
turther comprising a rail for slidingly engaging the first and

second slide members.
4. The magnetic levitation sliding structure of claim 3,
wherein the rail comprises:
a protrusion protruding from the first slide member to the
second slide member; and
a groove grooved in the second slide member along the
extending direction 1n order for the protrusion to slide 1n
the groove.
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5. The magnetic levitation sliding structure of claim 1,
wherein a magnetic force line shield 1s correspondingly dis-
posed on one or more portions of the side surface of the first
magnetic portion.

6. The magnetic levitation sliding structure of claim 1,
wherein a magnetic force line shield 1s correspondingly dis-
posed 1n one or more portions of a side surface of the second
magnetic portion.

7. The magnetic levitation sliding structure of claim 1,
wherein a guide protruding toward the second slide member
and extending in the sliding direction of the first slide member
1s disposed at a side surface of the first slide member, and the
first magnet portion 1s provided to the guide.

8. The magnetic levitation sliding structure of claim 7,
wherein the side surface of the first magnet portion 1s dis-
posed 1n the guide, and the other side surface of the first
magnet portion 1s exposed to an external surface of the guide
to extend along the guide.

9. The magnetic levitation sliding structure of claim 8,

wherein accommodating portions are formed at both sides

of the second slide member, and

wherein a side surface of the second magnetic portion 1s

correspondingly disposed in the accommodating por-
tion, and the other surface of the second magnetic por-
tion 1s exposed to the guide.

10. The magnetic levitation sliding structure of claim 9,
wherein the length of the accommodating portion 1s larger
than that of the guide.

11. The magnetic levitation slhiding structure of claim 1,
wherein the first magnetic portion includes a plurality of
magnets.

12. The magnetic levitation slhiding structure of claim 1,
wherein the second magnetic portion includes a plurality of
magnets.

13. The magnetic levitation sliding structure of claim 1,
wherein the first magnetic portion faces outwardly of the first
slide member and the second magnetic portion faces inwardly
of the second slide member.

14. The magnetic levitation shiding structure of claim 1,
wherein the first magnetic portion faces inwardly of the first
slide member and the second magnetic portion faces out-
wardly of the second slide member.

15. The magnetic levitation sliding structure of claim 4,
wherein the protrusion protrudes outwardly from the first
slide member and the groove faces inwardly of the second
slide member.

16. The magnetic levitation sliding structure of claim 1,
wherein the first and second magnetic portions are employed
1in respective portions of a portable electronic device.
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